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HIGH PERFORMANCE ACRYLAMIDE
ADHESIVES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. patent application is a U.S. National Phase
Application under 35 U.S.C. §371 of International Applica-
tion No. PCT/US2012/067765, filed on Dec. 4, 2012, the
entire contents of which are incorporated herein by reference
in their entirety for any and all purposes.

FIELD

The present technology is generally related acrylamide
compounds as well as polymers, plastics, adhesives, and coat-
ings prepared from acrylamide compounds and methods of
making the acrylamide compounds and products prepared
therefrom.

BACKGROUND

Polymeric materials derived from commonly employed
monomers such styrene, a-olefins, acrylates, and the like
generally display a low tendency to degrade over long periods
of time. As such, polymeric materials in their various forms
(e.g., plastics, adhesives, and coatings, etc.) may persist in the
environment for potentially thousands of years. This waste
not only takes up finite landfill space and contributes to
unsightly flotillas of garbage in the world’s oceans, but it also
can have devastating impacts on surrounding ecosystem, such
as through inadvertent ingestion of plastics by wildlife.
Accordingly, there is considerable interest in the preparation
of environmentally friendly, biocompatible, and non-accu-
mulating polymeric materials which also display perfor-
mance properties acceptable for a given application.

SUMMARY

The present technology provides acrylamide compounds
which may be prepared from renewable resources such as
sugars. The acrylamide compounds can be employed as
monomers in the synthesis of polymeric materials. These
polymers may be used in the preparation of plastics, adhe-
sives, and coatings. Because of the nature of their chemical
composition (e.g., sugars and sugar-like materials) such poly-
meric materials are subject to degradation upon long-term
exposure to the natural environment. Accordingly, the poly-
meric materials are generally biocompatible and non-accu-
mulating over time. Moreover, the present polymeric materi-
als display excellent physical, chemical, and mechanical
properties, and thus may have applications in numerous areas,
including: curing agents; high-performance adhesives for
wood, glass and metal; thermoplastics; thermosetting acryl-
ics; thermosetting injection molded objects; coil coatings;
hydrogels for tissue engineering and cell media; lithography,
paper and label binding; and glass and plywood laminates.

In accordance with one aspect, the present technology pro-
vides compounds of Formula I:
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1
O
RS
O,

I Y

R’

R!

R2

and stereoisomers thereof, where Y is —C(H)(R*)— or
—C(H)R*—CH)R*—; R, R?, R?, and R* are indepen-
dently an —OH, a protected hydroxyl group, or a group of

Formula II:
O
RG
N
I
RS

provided that not more than one of R', R*, R?, and R* is a
group of Formula IT; and R>, RS, R” and R® are each indepen-
dently selected from hydrogen and a substituted or unsubsti-
tuted alkyl group. In some embodiments, the compounds of
Formula I, Y is —C(H)(R*)—C(H)(R*)—. In some embodi-
ments of the compounds of Formula I, the protecting group is
selected from trimethylsilyl, t-butyldimethylsilyl, acetyl,
benzyl, benzoyl, or methoxymethyl. In some embodiments of
the compound of Formula I, one, two, three, or four of R*, R?,
R?, and R*are —OH. In certain embodiments, R*, R, R?, and
R* are each an —OH, and the compound of Formula I has the
Formula IA:

I

IA
R’ 0
/; N
/
R’ 0
HO OH.

HO OH

In some embodiments of compounds of Formula I, R* and R®
are independently selected from the group consisting of H
and a methyl group. In other embodiments of compounds of
Formula I and IA, R® is H and in still others R” is methyl. In
some embodiments of compounds of Formula I, R” and R® are
independently selected from the group consisting of H, a
methyl group and an ethyl group. In other embodiments of
compounds of Formula I and IA, R” is H. Examples of com-
pounds of Formula I or 1A include but are not limited to
N-((3.4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)methyl)
acrylamide or N-((3,4,5,6-tetrahydroxytetrahydro-2H-py-
ran-2-yl)methyl)methacrylamide.

In some embodiments of the compound of Formula I, one
of RY, R R?, and R* is the group of Formula II. In further
embodiments, the compound of Formula [ has a Formula IB:
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R? 0
/; N

/

R’ 0
HO OH
0
HO N
/
R® RS.

In some embodiments of compounds of Formula I and IB, R?
and RS are independently selected from the group consisting
of H and a methyl group. In others, R® is H and in still others
R® is methyl. In still other embodiments, one of R®> and RS is
H and one is methyl. In other embodiments, both R®> and R®
are H or both are methyl. In some embodiments of com-
pounds of Formula I and IB, R” and R® are independently
selected from the group consisting of H, a methyl group and
an ethyl group. In other embodiments, R” is H. In certain
embodiments, R® is H. In some embodiments both R” and R®
are H. Examples of compounds of Formula I or IB include but
are not limited to N-((3,4,6-trihydroxy-5-methacrylamidot-
etrahydro-2H-pyran-2-yl)methyl)methacrylamide, = N-((5-
acrylamido-3,4,6-trihydroxytetrahydro-2H-pyran-2-yl)me-
thyl)methacrylamide, N-(6-(acrylamidomethyl)-2,4,5-
trihydroxytetrahydro-2H-pyran-3-yl)methacrylamide,  or
N-((5-acrylamido-3,4,6-trihydroxytetrahydro-2H-pyran-2-
yDmethyl)acrylamide.

According to another aspect of the present technology,
methods of making a compound of Formula I are provided.
The methods include: contacting a compound of Formula II1:

I
H
0
~ N \
[ Y
R7
Rl
RZ

with a compound of Formula IV:

v

LG

optionally in the presence of a base, where R is hydrogen or a
substituted or unsubstituted alkyl group (e.g., a methyl
group); Y is —C(H)(R*)—or —C(H)R)—CDR*)— R,
R?, R? and R* are independently an —OH, a protected
hydroxyl group, or an —NHR?®, where R® is hydrogen or a
substituted or unsubstituted alkyl group (e.g., a methyl group,
or an ethyl group), provided that not more than one of R*, R?,
R?, and R*is an —NHR?; R” is hydrogen or a substituted or
unsubstituted alkyl group (e.g., a methyl group, or an ethyl
group); and LG is a leaving group. In some embodiments, R”
is hydrogen, R® is hydrogen or both R” and R® are hydrogen.
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In some embodiments, LG is chloride. In some embodiments,
the base is selected from pyridine, dimethylaminopyridine,
triethylamine, diisopropylethylamine or a mixture of any two
or more thereof.

Any of the compounds of the present technology may be
employed as monomers to prepare polymers. Thus, according
to another aspect, the present technology provides a polymer
including one or more repeating units derived from the com-
pound of Formula I:

0
5
R 0
) N
R7
Rl
RZ

and stereoisomers thereof, where Y is —C(H)(R*)— or
—CH)R»—CH)R*—; R', R, R?, and R* are indepen-
dently an —OH, a protected hydroxyl group, or a group of

Formula II:
O
RG
N
I
RS

provided that not more than one of R', R*, R?, and R* is a
group of Formula IT; and R>, R®, R” and R® are independently
selected from the group consisting of hydrogen and a substi-
tuted or unsubstituted alkyl group. In certain embodiments,
R’ and RS are independently selected from hydrogen or a
methyl group. In some embodiments R” and R® are indepen-
dently hydrogen, a methyl group, or an ethyl group. In certain
embodiments, R” and R® are hydrogen. In some embodi-
ments, R', R%, R? and R* are each an —OH. In some embodi-
ments, one of R*, R?, R?, and R* is the group of Formula II.
The phrase “derived from” means that a polymer of the
present technology is formed from, or otherwise prepared
from, one or more compounds of Formula I, such as through
a polymerization reaction. In this regard, one or more repeat
units of the one or more compounds of Formula I will be
incorporated into the present polymers. For example, and as
will be appreciated by those of skill in the art, polymerization
of one or more compounds of Formula I may provide a
polymer which includes one or more of the following repeat
units, where Y, R'—R?, R®, and R” are defined as above:

I

RS

For clarity, it is understood that the above repeat unit may, but
need not be, bonded it to itself. For example, where one or
more compounds of Formula I are copolymerized with one or
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more other monomers (not of Formula I), the above repeating
unit may or may not be separated by a repeating unit of the one
or more other monomers, i.e., random, block, or alternating
copolymers may be formed. In the case of a homopolymer
derived of one compound of Formula I, or a copolymer
derived from more than one compound of Formula I, such a
repeat unit may be bonded to itself. As will also be appreci-
ated by those of skill in the art, where the one or more
compounds of Formula I include two acrylamide groups (i.e.,
where one of R!, R?, R?, and R* is a group of Formula II),
polymerization may proceed through either, or both, of the
acrylamide groups.

In some embodiments, the polymer includes one or more
repeating units derived from the compound of Formula IA, IB
or both 1A and IB (with variables defined as herein):

IA
R3 0
/; N
/
R’ 0
HO OH,
HO OH
B
R? 0
/; N
/
R’ 0
HO OH
¢}
HO N
/
R’ RS.

In some embodiments, the polymer includes one or more
repeating units derived from one or more compounds selected
from  N-((3,4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)
methyl)acrylamide, N-((3,4,5,6-tetrahydroxytetrahydro-2H-
pyran-2-yl)methyl)methacrylamide, N-((3,4,6-trihydroxy-5-
methacrylamidotetrahydro-2H-pyran-2-yl)methyl)
methacrylamide, N-((5-acrylamido-3.4,6-
trihydroxytetrahydro-2H-pyran-2-yl)methyl)
methacrylamide, N-(6-(acrylamidomethyl)-2,4,5-
trihydroxytetrahydro-2H-pyran-3-yl)methacrylamide,  or
N-((5-acrylamido-3,4,6-trihydroxytetrahydro-2H-pyran-2-
yDmethyl)acrylamide.

In some embodiments, the polymer includes from 2 to
about 1,000,000 repeating units derived from the compound
of Formula 1. In some embodiments, any of the polymers
described above may be a polyacrylamide, a polyacrylate, a
polyvinyl, an epoxy, a polyurea, a polyurethane, an alkyd
resin, or a copolymer of any of the foregoing. In other
embodiments, any of the polymers described herein may
include from about 0.2 wt % to 100% of one or more mono-
mers of Formula [, IA, or IB. Examples of percentage weights
of such monomers include 0.2,0.3,0.4,0.5,1,2,3,4,5,6,7,
8,9, 10, 15,20, 25,30, 40, 50, 60, 70, 75, 80, 90, 95, 100, and
ranges between and including any two such values.
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According to another aspect, the present technology pro-
vides a coating or a plastic which includes any of the afore-
mentioned polymers.

According to another aspect, an adhesive is provided, the
adhesive including any of the aforementioned polymers. In
some embodiments, the adhesive is a wood adhesive, a glass
adhesive, a paper adhesive, or a metal adhesive. In some
embodiments, the adhesive is a wood adhesive and the adhe-
sive includes a polyacrylamide. In other embodiments, the
adhesive is a paper adhesive and the adhesive includes a
polyacrylate.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments and features described above, fur-
ther aspects, embodiments and features will become apparent
by reference to the following drawings and the detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of the preparation of
N-((3.4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)methyl)
acrylamide and N-((3,4,5,6-tetrahydroxytetrahydro-2H-py-
ran-2-yl)methyl)methacrylamide, in an illustrative embodi-
ment.

FIG. 2 is a schematic illustration of the preparation of
N-((3,4,6-trihydroxy-5-methacrylamidotetrahydro-2H-py-
ran-2-yl)methyl)methacrylamide and N-((5-acrylamido-3,4,
6-trihydroxytetrahydro-2H-pyran-2-yl)methyl)acrylamide,
according to an illustrative embodiment.

FIG. 3 is a schematic illustration of the preparation of
poly(N-((3,4,6-trihydroxy-5-methacrylamidotetrahydro-
2H-pyran-2-yl)methyl)methacrylamide) and poly(N-((5-
acrylamido-3,4,6-trihydroxytetrahydro-2H-pyran-2-yl)me-
thyDacrylamide), according to an illustrative embodiment.

FIG. 4 is a schematic illustration of the acid-catalyzed
curing of a wood adhesive containing tannin and poly(N-((3,
4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)methyl)acryla-
mide).

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings,
and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter pre-
sented here.

The technology is described herein using several defini-
tions, as set forth throughout the specification.

The use of the terms “a” and “an” and “the” and similar
referents in the context of describing the elements (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context.

As used herein, “about” will be understood by persons of
ordinary skill in the art and will vary to some extent depend-
ing upon the context in which it is used. If there are uses of the
term which are not clear to persons of ordinary skill in the art,
given the context in which it is used, “about” will mean up to
plus or minus 10% of the particular term.

In general, “substituted” refers to a group, as defined below
(e.g., an alkyl or aryl group) in which one or more bonds to a
hydrogen atom contained therein are replaced by a bond to
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non-hydrogen or non-carbon atoms or to carbon atoms bear-
ing one or more heteroatoms. Substituted groups also include
groups in which one or more bonds to a carbon(s) or
hydrogen(s) atom are replaced by one or more bonds, includ-
ing double or triple bonds, to a heteroatom. Thus, a substi-
tuted group will be substituted with one or more substituents,
unless otherwise specified. In some embodiments, a substi-
tuted group is substituted with 1, 2, 3, 4, 5, or 6 substituents.
Examples of substituent groups include: halogens (i.e., F, Cl,
Br, and I); hydroxyls; alkoxy, alkenoxy, alkynoxy, aryloxy,
aralkyloxy, aroyloxyalkyl, heterocyclyloxy, and heterocycly-
lalkoxy groups; carbonyls (0x0), acyl; carboxyls; esters; ure-
thanes; oximes; hydroxylamines; alkoxyamines;
aralkoxyamines; thiols; sulfides; sulfoxides; sulfones; sulfo-
nyls; sulfonamides; amines; N-oxides; hydrazines;
hydrazides; hydrazones; azides; amides; thioamides; ureas;
amidines; guanidines; enamines; imides; isocyanates;
isothiocyanates; cyanates; thiocyanates; imines; nitro groups;
nitriles; and the like. Such groups may be pendant or integral
to the carbon chain itself. Cyclic groups (e.g., cycloalkyl,
aryl, heterocyclyl) may also be substituted by carbon-based
groups such as alkyl, alkenyl, and alkynyl, any of which may
also be substituted (e.g., haloalkyl, hydroxyalkyl, ami-
noalkyl, haloalkenyl, and the like).

Alkyl groups include straight chain and branched alkyl
groups having from 1 to 20 carbon atoms or, in some embodi-
ments, from1to 12,1108, 1to 6,0r1, 2,3, or 4 carbon atoms.
Alkyl groups further include cycloalkyl groups. Examples of
straight chain alkyl groups include those with from 1 to 8
carbon atoms such as methyl, ethyl, n-propyl, n-butyl, n-pen-
tyl, n-hexyl, n-heptyl, and n-octyl groups. Examples of
branched alkyl groups include, but are not limited to, isopro-
pyl, iso-butyl, sec-butyl, tert-butyl, neopentyl, isopentyl, and
2,2-dimethylpropyl groups. Representative substituted alkyl
groups may be substituted one or more times with substitu-
ents such as those listed above. For example, the term
haloalkyl refers to an alkyl group substituted with one or more
halogen atoms.

Alkenyl groups include straight and branched chain and
cycloalkyl groups as defined above, except that at least one
double bond exists between two carbon atoms. Thus, alkenyl
groups have from 2 to about 20 carbon atoms, and typically
from 2 to 12 carbons or, in some embodiments, from 2 to 8, 2
to 6, or 2 to 4 carbon atoms. In some embodiments, alkenyl
groups include cycloalkenyl groups having from 4 to 20 car-
bon atoms, 5 to 20 carbon atoms, 5 to 10 carbon atoms, or
even 5, 6, 7, or 8 carbon atoms. Examples include, but are not
limited to vinyl, allyl, —CH—CH(CH,), —CH—C(CH,),,
—C(CH;)—CH,, —C(CH;)—CH(CH,), —C(CH,CH,)
—CH,, cyclohexenyl, cyclopentenyl, cyclohexadienyl, buta-
dienyl, pentadienyl, and hexadienyl, among others. Repre-
sentative substituted alkenyl groups may be mono-substituted
or substituted more than once, such as, but not limited to,
mono-, di- or tri-substituted with substituents such as those
listed above.

Cycloalkyl groups are cyclic alkyl groups such as, but not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and cyclooctyl groups. In some embodiments,
the cycloalkyl group has 3 to 8 ring members, whereas in
other embodiments the number of ring carbon atoms range
from3to 5,3 to 6, or 3 to 7. Cycloalkyl groups further include
mono-, bicyclic and polycyclic ring systems, such as, for
example bridged cycloalkyl groups as described below, and
fused rings, such as, but not limited to, decalinyl, and the like.
Substituted cycloalkyl groups may be substituted one or more
times with, non-hydrogen and non-carbon groups as defined
above. However, substituted cycloalkyl groups also include
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rings that are substituted with straight or branched chain alkyl
groups as defined above. Representative substituted
cycloalkyl groups may be mono-substituted or substituted
more than once, such as, but not limited to, 2,2-, 2,3-, 2,4-2,5-
or 2,6-disubstituted cyclohexyl groups, which may be substi-
tuted with substituents such as those listed above.

Alkynyl groups include straight and branched chain alkyl
groups, except that at least one triple bond exists between two
carbon atoms. Thus, alkynyl groups have from 2 to about 20
carbon atoms, and typically from 2 to 12 carbons or, in some
embodiments, from 2 to 8, 2 to 6, or 2 to 4 carbon atoms.
Examples include, but are not limited to —C=CH, —C=C
(CH,;), —C=(CH,CH,;), —CH,C=CH, —CH,C=C
(CH,), and —CH,C=C(CH,CH,;), among others. Represen-
tative substituted alkynyl groups may be mono-substituted or
substituted more than once, such as, but not limited to, mono-,
di- or tri-substituted with substituents such as those listed
above.

Aryl groups are cyclic aromatic hydrocarbons that do not
contain heteroatoms. Aryl groups include monocyclic, bicy-
clic and polycyclic ring systems. Thus, aryl groups include,
but are not limited to, phenyl, azulenyl, heptalenyl, biphe-
nylenyl, indacenyl, fluorenyl, phenanthrenyl, triphenylenyl,
pyrenyl, naphthalenyl, chrysenyl, biphenyl, anthracenyl,
indenyl, indanyl, pentalenyl, and naphthyl groups. In some
embodiments, aryl groups contain 6-14 carbons, and in others
from 6 to 12 or even 6-10 carbon atoms in the ring portions of
the groups. Although the phrase “aryl groups™ includes
groups containing fused rings, such as fused aromatic-ali-
phatic ring systems (e.g., indanyl, tetrahydronaphthyl, and
the like), it does not include aryl groups that have other
groups, such as alkyl or halo groups, bonded to one of the ring
members. Rather, groups such as tolyl are referred to as
substituted aryl groups. Representative substituted aryl
groups may be mono-substituted or substituted more than
once. For example, monosubstituted aryl groups include, but
are not limited to, 2-, 3-, 4-, 5-, or 6-substituted phenyl or
naphthyl groups, which may be substituted with substituents
such as those listed above.

Aralkyl groups are alkyl groups as defined above in which
ahydrogen or carbon bond of an alkyl group is replaced with
a bond to an aryl group as defined above. In some embodi-
ments, aralkyl groups contain 7 to 20 carbon atoms, 7 to 14
carbon atoms or 7 to 10 carbon atoms. Substituted aralkyl
groups may be substituted at the alkyl, the aryl or both the
alkyl and aryl portions of the group. Representative aralkyl
groups include but are not limited to benzyl and phenethyl
groups and fused (cycloalkylaryl)alkyl groups such as
4-ethyl-indanyl. Representative substituted aralkyl groups
may be substituted one or more times with substituents such
as those listed above.

Heterocyclyl groups include aromatic (also referred to as
heteroaryl) and non-aromatic ring compounds containing 3 or
more ring members, of which one or more is a heteroatom
such as, but not limited to, N, O, and S. In some embodiments,
heterocyclyl groups include 3 to 20 ring members, whereas
other such groups have 3 to 6,3 t0 10,3 to 12, or 3 to 15 ring
members. Heterocyclyl groups encompass unsaturated, par-
tially saturated and saturated ring systems, such as, for
example, imidazolyl, imidazolinyl and imidazolidinyl
groups. The phrase “heterocyclyl group” includes fused ring
species including those including fused aromatic and non-
aromatic groups, such as, for example, benzotriazolyl, 2,3-
dihydrobenzo[1,4]dioxinyl, and benzo[1,3]dioxolyl. The
phrase also includes bridged polycyclic ring systems contain-
ing a heteroatom such as, but not limited to, quinuclidyl.
However, the phrase does not include heterocyclyl groups
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that have other groups, such as alkyl, oxo or halo groups,
bonded to one of the ring members. Rather, these are referred
to as “substituted heterocyclyl groups”. Heterocyclyl groups
include, but are not limited to, aziridinyl, azetidinyl, pyrro-
lidinyl, imidazolidinyl, pyrazolidinyl, thiazolidinyl, tetrahy-
drothiophenyl, tetrahydrofuranyl, dioxolyl, furanyl, thiophe-
nyl, pyrrolyl, pyrrolinyl, imidazolyl, imidazolinyl, pyrazolyl,
pyrazolinyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiaz-
olyl, thiazolinyl, isothiazolyl, thiadiazolyl, oxadiazolyl, pip-
eridyl, piperazinyl, morpholinyl, thiomorpholinyl, tetrahy-
dropyranyl, tetrahydrothiopyranyl, oxathiane, dioxyl,
dithianyl, pyranyl, pyridyl, pyrimidinyl, pyridazinyl, pyrazi-
nyl, triazinyl, dihydropyridyl, dihydrodithiinyl, dihy-
drodithionyl, homopiperazinyl, quinuclidyl, indolyl, indoli-
nyl, isoindolyl, azaindolyl (pyrrolopyridyl), indazolyl,
indolizinyl, benzotriazolyl, benzimidazolyl, benzofuranyl,
benzothiophenyl, benzothiazolyl, benzoxadiazolyl, benzox-
azinyl, benzodithiinyl, benzoxathiinyl, benzothiazinyl, ben-
zoxazolyl, benzothiazolyl, benzothiadiazolyl, benzo[1,3]di-
oxolyl, pyrazolopyridyl, imidazopyridyl
(azabenzimidazolyl), triazolopyridyl, isoxazolopyridyl, puri-
nyl, xanthinyl, adeninyl, guaninyl, quinolinyl, isoquinolinyl,
quinolizinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
phthalazinyl, naphthyridinyl, pteridinyl, thianaphthalenyl,
dihydrobenzothiazinyl, dihydrobenzofuranyl, dihydroin-
dolyl, dihydrobenzodioxinyl, tetrahydroindolyl, tetrahy-
droindazolyl, tetrahydrobenzimidazolyl, tetrahydrobenzot-
riazolyl, tetrahydropyrrolopyridyl,
tetrahydropyrazolopyridyl, tetrahydroimidazopyridyl, tet-
rahydrotriazolopyridyl, and tetrahydroquinolinyl groups.
Representative substituted heterocyclyl groups may be
mono-substituted or substituted more than once, such as, but
not limited to, pyridyl or morpholinyl groups, which are 2-,
3-, 4-, 5-, or 6-substituted, or disubstituted with various sub-
stituents such as those listed above.

Heteroaryl groups are aromatic ring compounds contain-
ing 5 or more ring members, of which, one or more is a
heteroatom such as, but not limited to, N, O, and S. Heteroaryl
groups include, but are not limited to, groups such as pyrrolyl,
pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiaz-
olyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, thiophenyl,
benzothiophenyl, furanyl, benzofuranyl, indolyl, azaindolyl
(pyrrolopyridyl), indazolyl, benzimidazolyl, imidazopyridyl
(azabenzimidazolyl), pyrazolopyridyl, triazolopyridyl, ben-
zotriazolyl, benzoxazolyl, benzothiazolyl, benzothiadiaz-
olyl, imidazopyridyl, isoxazolopyridyl, thianaphthalenyl,
purinyl, xanthinyl, adeninyl, guaninyl, quinolinyl, isoquino-
linyl, tetrahydroquinolinyl, quinoxalinyl, and quinazolinyl
groups. Although the phrase “heteroaryl groups™ includes
fused ring compounds such as indolyl and 2,3-dihydro
indolyl, the phrase does not include heteroaryl groups that
have other groups bonded to one of the ring members, such as
alkyl groups. Rather, heteroaryl groups with such substitution
are referred to as “substituted heteroaryl groups.” Represen-
tative substituted heteroaryl groups may be substituted one or
more times with various substituents such as those listed
above.

Alkoxy and aryloxy groups are hydroxyl groups (—OH) in
which the bond to the hydrogen atom is replaced by a bond to
a carbon atom of an alkyl group or aryl group, respectively, as
defined above. Examples of linear alkoxy groups include but
are not limited to methoxy, ethoxy, propoxy, butoxy, pentoxy,
hexoxy, and the like. Examples of branched alkoxy groups
include but are not limited to isopropoxy, sec-butoxy, tert-
butoxy, isopentoxy, isohexoxy, and the like. Examples of
aryloxy groups include but are not limited to phenoxy, naph-
thyloxy, and the like. Representative substituted alkoxy
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groups or aryloxy groups may be substituted one or more
times with substituents such as those listed above.

Alkenoxy, alkynoxy, aralkyloxy, heterocyclyloxy, and het-
erocyclylalkoxy groups are defined analogously to alkoxy
and aryloxy groups. Hence, alkenoxy, alkynoxy, aralkyloxy,
heterocyclyloxy, and heterocyclylalkoxy groups are hydroxyl
groups (—OH) in which the bond to the hydrogen atom is
replaced by a bond to a carbon atom of, respectively, and
alkene, alkyne, arylalkyl, heterocyclyl, or heterocyclylalkyl
group as defined above. Representative substituted alkenoxy,
alkynoxy, aralkyloxy, heterocyclyloxy, and heterocyclyla-
Ikoxy groups may be substituted one or more times with
substituents such as those listed above.

The term “acrylamide group” or “acrylamido group” refers
to RC(O)NR'— groups, where R is a substituted or unsubsti-
tuted alkenyl group as defined herein and R' is H, or a substi-
tuted or unsubstituted alkyl, alkenyl, or aryl group. Represen-
tative acrylamide groups include, but are not limited to
H,C—CHC(O)NH—, H,C—C(CH,)C(O)NH—, H,C—C
(CH,CH;)C(O)NH—, H;CCH—CHC(O)NH—, and the
like. The term “acrylamide group” specifically includes
methacrylamidc groups (and methacrylamido groups) such
as H,C—C(CH;)C(O)NH—.

The term “acrylate reagent” refers to a reagent with the
formula RC(O)-LG, where R is a substituted or unsubstituted
alkenyl group as defined herein and LG is a leaving group as
defined herein. Non-limiting examples of acrylate reagents
include acryloyl chloride and methacryloyl chloride.

The term “acryloyl” or “acryl” refers to RC(O)— groups,
where R is a substituted or unsubstituted alkenyl group as
defined herein. Representative acryloyl groups include, but
are not limited to H,C—CHC(O)—, H,C—C(CH;)C(O)—,
H,C—C(CH,CH,)C(0O)—, H;CCH—CHC(O)—, and the
like.

The term “acyl” refers to RC(O)— groups, where R is a
substituted or unsubstituted alkyl group as defined herein.
Representative acyl groups include, but are not limited to,
acetyl (CH;C(O)—), and the like.

The term “amine” (or “amino”) as used herein refers to
—NHR and —NRR' groups, wherein R, and R' are indepen-
dently hydrogen, or a substituted or unsubstituted alkyl, alk-
enyl, alkynyl, aryl, or aralkyl group as defined herein. Non-
limiting examples of amine groups include, but are not
limited to, —NH,, methylamino, dimethylamino, ethy-
lamino, diethylamino, propylamino, isopropylamino, pheny-
lamino, benzylamino, and the like.

The term “aroyl” refers to RC(O)— groups, where R is a
substituted or unsubstituted aryl group as defined herein.
Representative aroyl groups include, but are not limited to,
benzoyl (PhC(O)—), and the like.

The term “base” refers to any chemical species, ionic or
molecular, organic or inorganic, capable of accepting or
receiving a proton (hydrogen ion) from another substance,
generally an acid. The greater the tendency to accept a proton,
the stronger the base. Representative bases include, but are
not limited to: alkali or alkaline hydroxides (e.g., lithium
hydroxide, sodium hydroxide, calcium hydroxide), hydro-
gencarbonates (e.g., sodium bicarbonate), carbonates (e.g.,
potassium carbonate), fluorides (e.g., potassium fluoride),
alkoxides (e.g., sodium methoxide, potassium tert-butoxide),
oxides (e.g., sodium oxide, magnesium oxide), hydrides (e.g.,
lithium hydride, calcium hydride), amides (e.g., sodium
amide, lithium bis(trimethylsilylamide, lithium diisopropy-
lamide)), alkyls (e.g., butyllithium, tert-butyllithium); ammo-
nia; alkylamines (e.g., trimethylamine, triethylamine, diiso-
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propylethylamine); pyridines (e.g., 2,6-
dimethylaminopyridine, pyridine), phosphazenes, amidines,
guanidines, and the like.

The term “carboxyl” (or “carboxylic acid”) refers to
—COOH.

The term “cyano” (or “nitrile”) refers to —CN groups.

The term “ester” as used herein refers to —COOR groups,
where R is a substituted or unsubstituted alkyl, alkenyl, alky-
nyl, or aryl group as defined herein.

The term “furanose” as used herein refers to carbohydrates
and substituted derivatives of carbohydrates that include a
tetrahydrofuran ring. Non-limiting examples of furanoses
include, but are not limited to, arabinose, lyxose, ribose,
xylose, and the like.

The term “halogen” (or “halo”) refers to —F, —Cl, —Br,
or —I groups.

The term “hydroperoxide” refers to —O—O—H groups.

The term “hydroxyl” (or “hydroxy”) refers to —OH
groups.

The term “hydroxyl protecting group” (or “hydroxy pro-
tecting group”) signifies any group commonly used for the
temporary protection of an —OH group, including but not
limited to, alkoxycarbonyl, acyl, aroyl, alkylsilyl or alkylar-
ylsilyl groups (hereinafter referred to simply as “silyl”
groups), alkoxyalkyl, and arylmethyl groups. Alkoxycarbo-
nyl protecting groups are alkyl-O—C(O)— groups such as
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, iso-
propoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, tert-
butoxycarbonyl, benzyloxycarbonyl or allyloxycarbonyl.
Alkoxyalkyl protecting groups are groups such as meth-
oxymethyl, ethoxymethyl, methoxyethoxymethyl, or tet-
rahydrofuranyl and tetrahydropyranyl. Arylmethyl groups
are groups such as benzyl and p-methoxybenzyl. Preferred
silyl-protecting groups are trimethylsilyl, triethylsilyl, t-bu-
tyldimethylsilyl, dibutylmethylsilyl, diphenylmethylsilyl,
phenyldimethylsilyl, diphenyl-t-butylsilyl and analogous
alkylated silyl radicals. Where multiple —OH groups are
present, such groups may be protected as cyclic ethers, such
as 1,3-dioxolanes and 1,3-dioxanes (e.g., acetonides). An
extensive list of protecting groups for —OH groups may be
found in Protective Groups in Organic Synthesis, Greene, T.
W.; Wuts, P. G. M., John Wiley & Sons, New York, N.Y., (3rd
Edition, 1999), which is hereby incorporated by reference in
its entirety and for all purposes as if fully set forth herein.

The term “leaving group” or “LG” refers to groups readily
displaceable by a nucleophile, such as an amine, alcohol,
phosphorus, or thiol nucleophile or their respective anions.
Such leaving groups are well known and include carboxy-
lates, N-hydroxysuccinimide, N-hydroxybenzotriazole,
halogen (halides), triflates, tosylates, mesylates, alkoxy, thio-
alkoxy, phosphinates, phosphonates, and the like. In addition,
the term “leaving group” or “L.G” is meant to encompass
leaving group precursors (i.e., moieties that can easily be
converted to a leaving group upon simply synthetic proce-
dures such as alkylation, oxidation or protonation). Such
leaving group precursors and methods for converting them to
leaving groups are well known to those of ordinary skill in the
art.

The term “peroxide” refers to —O—O— groups.

A “protected hydroxyl” group is an —OH group protected
with a hydroxyl protecting group.

The term “pyranose” as used herein refers to carbohydrates
and substituted derivatives of carbohydrates that include a
tetrahydropyran ring. Non-limiting examples of pyranoses
include, but are not limited to, glucose, galactose, idose, and
the like.
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The term “thio” (or “thioether” or sulfide) refer to —S—
moieties, bonded to carbon atoms of other organic moieties.

The term “thiol” refers to —SH moieties.

Compounds of the present technology may be prepared
through the functionalization of aminomethyl-substituted tet-
rahydropyran or aminomethyl-substituted tetrahydrofuran
derivatives and salt forms thereof. In some embodiments, the
aminomethyl-substituted tetrahydropyran or tetrahydrofuran
derivatives have the Formula III as shown below:

11

Rr2

where Y is —C(H)(R*)— or —C(H)(R*)—C(H)(R*)—; R*,
R? R?, and R* are independently an —OH, a protected
hydroxyl group, or an —NHR®, where R® is hydrogen or a
substituted or unsubstituted alkyl group (e.g., a methyl group,
oran ethyl group), provided that not more than one of R*, R?,
R?, and R*is an —NHR?®, and R is hydrogen or a substituted
orunsubstituted alkyl group (e.g., a methyl group, or an ethyl
group). Thus, the compounds of Formula III may be
monoamino compounds or bis(amino) compounds. The com-
pounds of Formula III may include protected hydroxyl
groups, including but not limited to, silyloxy groups, esters,
ethers, and the like. In this regard, the substituents R*, R? R?,
and R* may independently be groups such as TMSO—,
TBDMSO—, TBDPSO—, CH,C(0)O—, CF,C(0)0—,
CH,OCH,0—, benzoyloxy, THPO— and the like. Further-
more, any two hydroxyl groups may be protected in the form
of ring, such as a 1,3-dioxolane, 1,3-dioxane, 1,3,2-dioxas-
ilolane, or 1,3,2-dioxasilinane ring using reagents commonly
known in the art (e.g., acetone, 2-methoxypropene, 2,2-
dimethoxypropane, dihalodialkylsilanes, etc). Some com-
pounds of Formula III are commercially available, such as
6-amino-6-deoxy-D-glucose hydrochloride (BOC Sciences,
Shirey, N.Y.). Compounds of Formula III may also be pre-
pared by known methods, such as from aldohexose or aldo-
pentose sugars. Examples of such preparations include those
disclosed by Keisuke, K. et al. in Makromolekulare Chemie
(1986), 187, 1359-65, which is hereby incorporated by refer-
ence in its entirety and for all purposes as if fully set forth
herein. Some examples of aldohexose and aldopentose sugars
are shown below, as D-isomers, in pyranose and furanose
form, respectively.

HO

OH HO

HO
D-altrose

DH

HO
D-allose
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-continued

HO HO

HO - OH HOwmmw-

HO on HO on
D-glucose D-mannose
HO
o}
HO
HO on
D-gulose D-idose
HO HO
o}
HO OH HO OH
HO OH HO OH
D-galactose D-talose
O,
OH
OH
D-arabinose D-lyxose
6} O,
HO HO
OH OH
HO™ -, HO %
OH OH
D-ribose D-xylose

The present technology contemplates the use of any stere-
oisomers of the compounds of Formula III. Further, there is
no requirement that the compounds of Formula III be pre-
pared from aldohexose or aldopentose sugars, such as those
shown above. However, because of the ready availability of
certain naturally-occurring sugars (e.g., D-glucose or D-ga-
lactose), it may be desired to prepare compounds of Formula
IIT from such sugars simply for reasons of cost. Particularly
useful compounds of Formula III include 6-(aminomethyl)
tetrahydro-2H-pyran-2,3,4,5-tetraol (Formula IITA) and
3-amino-6-(aminomethyl)tetrahydro-2H-pyran-2,4,5-triol
(Formula IIIB) the structures of which are shown below.

1A

H,N 0

HO
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-continued

II1B
OH

H,N 0
NH,

HO OH

The compound of Formula IIIA embraces such compounds
as 6-amino-6-deoxy-D-glucose and 6-amino-6-deoxy-D-ga-
lactose, the use of which are described in Examples 1-3 and
illustrated in FIG. 1. The compound of Formula IIIB
embraces such compounds as 2,6-diamino-2,6-deoxy-D-glu-
cose, and 2,6-diamino-2,6-dideoxy-D-galactose, the use of
which are described in Examples 4-5 and illustrated in FIG. 2.

According to one aspect, the compound of Formula III is
functionalized to provide a compound of Formula I, shown

below:
O
RS
@]
N \
| Y
R7
Rl
RZ

and stereoisomers thereof, where Y is —C(H)(R*)— or
—C(H)R*)—CH)R*—; R, R?, R?, and R* are indepen-
dently an —OH, a protected hydroxyl group, or a group of

Formula II:
O
RG
N
I
RS

provided that not more than one of R*, R?, R?, and R* is a
group of Formula II; R®, RS, R” and R® are independently
selected from the group consisting of hydrogen and a substi-
tuted or unsubstituted alkyl group (e.g., a methyl group or an
ethyl group). Thus, the compound of Formula I includes at
least one acrylamide moiety.

The preparation of the compound of Formula I will typi-
cally be accomplished by contacting a compound of Formula
1T with an acrylate reagent, optionally in the presence of base.
Acrylate reagents include, but are not limited to reagents such
as acryloyl chloride and methacryloyl chloride. The amount
of acrylate reagent used will generally be a stoichiometric
amount, or a slight excess (such as about 1%, about 2%, about
3%, about 4%, about 5%, about 10%, about 25%, about 50%,
or more than 50% excess), based upon the number of amino
groups in the compound of Formula III. Typically, the reac-
tion of the compound of Formula III with the acrylate reagent
proceeds in good yield, with good levels of chemoselectivity,
i.e., the more reactive amino groups are selectively function-
alized in the presence of the hydroxyl groups, as to provide an
acrylamide rather than an acrylate ester. In this regard, the
functionalization reaction may proceed without the need for
hydroxyl protecting groups, i.e., the hydroxyl groups of the

I
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compound of Formula III need not be protected. Where the
hydroxyl groups of the compound of Formula III are pro-
tected, any suitable hydroxyl protecting groups may be used,
including but not limited to, trimethylsilyl (TMS), t-bu-
tyldimethylsilyl (TBDMS), acetyl, benzyl (Bn), benzoyl
(Bz), or methoxymethyl (MOM) protecting groups.

The functionalization of the compound of Formula IIT with
the acrylate reagent optionally occurs in the presence of base.
Non-aqueous reaction systems will typically employ a base,
while biphasic aqueous reaction systems may not. As will be
appreciated by those of skill in the art, a variety of bases may
be used, including organic bases and inorganic bases.
Examples of suitable organic bases include, but are not lim-
ited to pyridine, dimethylaminopyridine, triethylamine, and/
or diisopropylethylamine. In the case of inorganic bases, it is
generally preferred to select a base which will react with
byproducts formed in the reaction but which will not react
with the acrylate reagent (e.g., HCl when acryloyl or meth-
acryloyl chloride are used). Examples of suitable inorganic
bases include, but are not limited to alkali metal and alkaline
metal carbonates (e.g., sodium carbonate, potassium carbon-
ate, and the like) for a biphasic aqueous system or alkali metal
hydrides, alkali earth metal hydrides, organometallics, such
as n- or t-butyl lithium, and the like for a non-aqueous reac-
tion system.

As will be appreciated by those of skill in the art, where a
given compound of Formula III is available in salt form (in-
cluding, but not limited to, a hydrochloride salt, hydrobro-
mide salt, a sulfate or hydrogen sulfate salt, etc.), such a salt
form may be neutralized or free-based with an organic or
inorganic base prior to functionalization reaction with the
acrylate reagent. In this regard, the base used to neutralize the
salt may be the same or different from the optional base used
in the functionalization of the compound of Formula III with
the acrylate reagent.

A variety of classes of reaction solvents may be employed
in the preparation of the compound of Formula I, including,
but not limited to, water, alcohols, ethers, glycol ethers,
esters, ketones, amides, nitriles, hydrocarbons, halogenated
hydrocarbons, sulfoxides or mixtures of any two or more
thereof. The reaction solvent may include, but is not limited
to, water, methanol, ethanol, n-propanol, isopropanol, n-bu-
tanol, tert-butanol, diethyl ether, diisopropyl ether, dibutyl
ether, tetrahydrofuran, 2-methyltetrahydrofuran,
monoglyme, diglyme, ethyl acetate, acetone, 2-butanone,
N,N-dimethylformamide, N,N-dimethylacetamide, N-meth-
ylpyrrolidinone, acetonitrile, hexane, toluene, xylenes,
dichloromethane, chloroform or dimethyl sulfoxide. Alterna-
tively, an organic base may be used as a solvent, e.g., pyridine
or triethylamine. In some embodiments, even an organic car-
boxylic acid such as acetic acid may be used as the solvent.

The reaction of the compound of Formula III with the
acrylate reagent and optional base and solvent(s) are per-
formed at a temperature and for a time period sufficient to
produce the compound of Formula 1. In some embodiments,
the reaction is performed at a temperature of about -30° C.,
about —20° C., about -10° C., about 0° C., about 10° C., about
20° C., or about 25° C., or ranges between any two of these
values. In other embodiments, the reaction may be performed
with heating. In this regard, the reaction may be performed at
atemperature above room temperature, up to and including a
refluxing temperature of the reaction mixture. The reaction
may be performed at a temperature of about 25° C., about 30°
C., about 40° C., about 50° C., about 60° C., about 70° C.,
about 80° C., about 90° C., about 100° C., about 120° C.,
about 140° C., about 160° C., about 180° C., about 200° C.,
about 220° C., about 240° C., about 260° C., about 280° C., or
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about300° C., or ranges between any two of these values. The
reaction may be performed for about 10 minutes to about 10
hours, about 30 minutes to about 10 hours, about 30 minutes
to about 6 hours, about 10 minutes to about 8 hours, about 30
minutes to about 8 hours, about 1 hour to about 8 hours, about
3 hours to about 8 hours, about 4 hours to about 6 hours, or
about 5 hours. The compound of Formula I thus prepared may
optionally be purified by any number of methods known in
the art, including but not limited to, chromatography, distil-
lation, filtration, recrystallization, and the like. Alternatively,
the compound of Formula I may be used directly in subse-
quent reaction without any substantial purification. The
preparation of compounds with the Formula [ are described in
the Examples 1-5 and further illustrated in FIGS. 1-2.

The compound of Formula I includes one or two acryla-
mide groups. In this regard, the compound of Formula I may
be used as a monomer to prepare polymers which include
repeating units derived from the compound of Formula I. The
compound of Formula I, or multiple compounds of Formula I
may be polymerized with other monomers. For example, a
single compound of Formula I may be polymerized in the
absence of other monomers to give a polyacrylamide
homopolymer. Multiple monomers with Formula I may be
copolymerized to provide a polyacrylamide copolymer. Also,
one or more compounds with Formula I may be copolymer-
ized with other monomers to provide a polyacrylamide, a
polyacrylate, a polyvinyl, an epoxy, a polyurea, a polyure-
thane, an alkyd resin, a polyester, a polyamide, a polyimide,
or a copolymer of any of the foregoing. For example, a com-
pound or multiple compounds of Formula I may be copoly-
merized with an acrylate monomer, a vinyl monomer, a
stryrenic monomer, an epoxy-containing monomer, and the
like.

Compounds of Formula I which include a single acryla-
mide group may be used as monomers and polymerized to
provide thermoplastic polymers. An example of such a ther-
moplastic polymer is described in Example 6 and illustrated
in FIG. 3. Compounds of Formula I with two acrylamide
moieties may be polymerized to prepare thermosetting resins,
capable of further cross-linking. An example of such a ther-
mosetting polymer is described in Example 8.

Typically, the polymerization of the compound of Formula
I will be initiated with the aid of an initiator, the selection of
which will be determined based upon the identity of mono-
mers used and the desired physical properties of the resultant
polymer (e.g., molecular weight, viscosity, etc.). As used
herein, the term “initiator” means a compound that includes at
least one site from which a polymerization reaction can be
initiated. Examples of suitable radical initiators include, but
are not limited to: azo compounds (including, but not limited
to, azobisisobutyronitrile (AIBN), azobiscyclohexanecarbo-
nitrile (ABCN), and 2,2'-azobis 4-methoxy-2,4-dimeth-
ylvaleronitrile); acyl peroxides (including, but not limited to,
peracetic acid, lauroyl peroxide); aroyl peroxides (including,
but not limited to, benzoyl peroxide); alkyl peroxides (includ-
ing, but not limited to, tert-butyl peroxide and dicumyl per-
oxide); alkyl hydroperoxides (including, but not limited to,
cumene hydroperoxide), persulfates (including, but not lim-
ited to, ammonium persulfate, sodium persulfate, and potas-
sium persulfate), acetophenones (including but not limited to
acetophenone,  2,2-dimethoxy-2-phenyl acetophenone,
2-benzyl-2-(dimethylamino)-4'-morpholinobutyrophenone,
4'-tert-butyl-2',6'-dimethylacetophenone,  2,2-diethoxyac-
etophenone, 4'-ethoxyacetophenone, 3'-hydroxyacetophe-
none, 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-4'-(2-
hydroxyethoxy)-2-methylpropiophenone, 2-methyl-4'-
(methylthio)-2-morpholinopropiophenone,
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4'-phenoxyacetophenone), benzils and benzoins (including
but not limited to benzoin, benzoin ethyl ether, benzoin
methyl ether, 4,4'-dimethoxybenzoin), benzophenones (in-
cluding but not limited to benzophenone, benzophenone-3,
3'4,4'-tetracarboxylic dianhydride, 4-benzoylbiphenyl, 4,4'-
bis(diethylamino)benzophenone, 4,4'-bis| 2-(1-propenyl)
phenoxy|benzophenone  4-(diethylamino)benzophenone,
4.4'-dihydroxybenzophenone, 4-(dimethylamino)benzophe-
none, 3,4-dimethylbenzophenone, 3- or 4-hydroxybenzophe-
none, 2-, 3-, or 4-methyl benzophenone, methyl benzoylfor-
mate, michler’s ketone, quinones (including but not limited to
anthraquinone-2-sulfonic acid, 2-tert-butylanthraquinone,
9,10-phenanthrenequinone, camphorquinone), and the like.
The polymerization reaction may also be performed in any
number of solvents or mixtures of solvents, such as those
indicated for the preparation of the compound of Formula 1.
In certain embodiments, the polymerization reaction is per-
formed in aqueous tetrahydrofuran. The polymerization reac-
tion may be performed at a temperature ofabout 40° C., about
50°C., about 60° C., about 65° C., about 70° C., about 75° C.,
about 80° C., about 90° C., about 100° C., about 120° C.,
about 140° C., about 160° C., about 180° C., about 200° C.,
about 220° C., about 240° C., about 260° C., about 280° C., or
about 300° C., or ranges between and including any two of
these values. In certain embodiments, the polymerization
reaction is performed at a temperature of about 60° C.

The polymers provided by the technology described herein
may optionally be purified by methods known in the art. Such
methods include, but are not limited to, purification by pre-
cipitation of the polymer from a solution of the polymer
and/or by size exclusion chromatography. Furthermore,
excess solvents, reactants, and by-products may be removed
under reduced vacuum and/or by lyophilization.

The polymers of the present technology may include from
2 to about 1,000,000 repeating units derived from the com-
pound of Formula 1. In some embodiments, the polymers
include 2 repeating units, about 5 repeating units, about 10
repeating units, about 50 repeating units, about 100 repeating
units, about 500 repeating units, about 1,000 repeating units,
about 5,000 repeating units, about 10,000 repeating units,
about 50,000 repeating units, about 100,000 repeating units,
about 200,000 repeating units, about 300,000 repeating units,
about 400,000 repeating units, about 500,000 repeating units,
about 600,000 repeating units, about 700,000 repeating units,
about 800,000 repeating units, about 900,000 repeating units,
about 1,000,000 repeating units derived from the compound
of Formula I, or a range between and including any two of
these values. In a certain embodiment, the polymer includes
from about 5,000 to about 50,000 repeating units derived
from the compound of Formula I.

The polymers of the present technology may have a
molecular weight from about 500 to about 250,000,000 Dal-
tons. In some embodiments, the polymers have a molecular
weight of about 500 Daltons, about 1,250 Daltons, about
2,500 Daltons, about 12,500 Daltons, about 25,000 Daltons,
about 125,000 Daltons, about 250,000 Daltons, about 1,250,
000 Daltons, about 2,500,000 Daltons, about 12,500,000 Dal-
tons, about 25,000,000 Daltons, about 50,000,000 Daltons,
about 75,000,000 Daltons, about 100,000,000 Daltons,
about, 125,000,000 Daltons, about 150,000,000 Daltons,
about 175,000,000 Daltons, about 200,000,000 Daltons,
about 225,000,000 Daltons, about 250,000,000 Daltons, or a
range between and including any two of these values. In a
certain embodiment, the polymer has a molecular weight
from about 1,250,000 Daltons to about 12,500,000 Daltons.
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In another embodiment, the polymer of the present technol-
ogy has a molecular weight from about 700 Daltons to about
1,000,000 Daltons.

The polymers provided by the present technology are
soluble in environmentally-friendly solvents, such as non-
VOC (volatile organic compound(s)) solvents. In particular,
the polymers are typically polar due to the presence of polar
hydroxyl and amide groups, and as such, typically dissolve
readily in water and polar organic solvents such as alcohols.
Such solubility characteristics are useful in the preparation of
water-borne adhesives and coatings. Furthermore, in contrast
to most common organic polymers (e.g., polyacrylates, poly-
styrenes, polyvinyls, etc.), the polymers of the present tech-
nology are biocompatible and non-accumulating in the envi-
ronment, since the polymers contain sugar or sugar-like
moieties which can naturally be degraded over time (e.g., via
metabolism by microorganisms). Thus, plastics, adhesives,
and coatings prepared from such polymers display similar
biocompatibility behavior.

Despite, the propensity of the present polymers toward
degradation over long time-frames, the polymers display
exceptional performance properties and are particularly well-
suited for use in plastics and as adhesive and coating materi-
als. For example, the present polymers may be used to prepare
non-toxic plastic articles (e.g., plastic toys), with or without
added plasticizers, pigments and other additives. Adhesives
prepared from the present polymers typically display adhe-
sions which meet or exceed about 600 psi (pounds per square
inch), and thus can be classified as “high-performance” or
“structural” adhesives. Without wishing to be bound by any
particular theory, it is believed that the enhanced adhesion
properties of the polymers, coatings, and adhesives of the
present technology arise from the enhanced interaction of the
polar nitrogen and hydroxyl functionality present in the poly-
mers with various surfaces. In this regard, the polymers of the
present technology may be used in coating materials, such as
paints. Additionally, the present polymers, and adhesives pre-
pared therefrom, exhibit excellent stability properties, includ-
ing thermal stabilities greater than about 150° C., about 200°
C., about 250° C., or about 300° C. The polymers of the
present technology further display excellent miscibility and
compatibility with many adhesive and coating resins. Many
existing resins, including epoxy and isocyanate based resins,
are susceptible to amine exudation and blush. In this process,
low molecular weight amines migrate to the coating or adhe-
sive surface, forming a greasy layer known as exudate. Such
exudate is usually oily, impairing adhesion. Under high
humidity conditions, the amine species at the coating or adhe-
sive surface can react with carbon dioxide to form various
carbonate and/or carbamate compounds, which also interfere
with adhesion and further may give an unattractive appear-
ance to the coated material. The humidity dependence on
exudate formation can often prevent water-borne adhesives
from being used with such resin based systems. The present
polymers limit the formation of the exudate and improve
adhesive and coating properties and allows for the formula-
tion of water-borne adhesives. An example of the preparation
of'a water-borne adhesive described in Example 7 and illus-
trated in FIG. 4.

Adhesives and coatings of the present technology can be
applied to a variety of substrates, including paper (e.g., labels,
envelopes, and the like), cardboard, wood, glass, and metal
such in a manner similar to that described by Krul, L. P. et al.
in Macromolecular Chemistry and Polymeric Materials
(2005), 78, 856-859 and by Nakanishi, G. et al. in the Journal
of Adhesion (2008), 84, 638-652. Keisuke, K. et al. in Mak-
romolekulare Chemie (1986), 187, 1359-65, each of which
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are hereby incorporated by reference in its entirety and for all
purposes as if fully set forth herein. The adhesives and coat-
ings may be applied as a pre-cured resins, or such resins may
be cured thermally or with UV light after application to the
substrate. As shown in Example 8, a two monomers with
Formula I are copolymerized to give a polyacrylamide adhe-
sive which is applied to a paper substrate (envelopes) and
further cross-linked with UV light.

The present technology, thus generally described, will be
understood more readily by reference to the following
examples, which is provided by way of illustration and is not
intended to be limiting of the present technology.

EXAMPLES
Example 1

Synthesis of a Galactose-Derived N-((3,4,5,6-tet-
rahydroxytetrahydro-2H-pyran-2-yl)methyl)acryla-
mide

As shown in FIG. 1, an N-((3,4,5,6-tetrahydroxytetrahy-
dro-2H-pyran-2-yl)methyl) acrylamide is generally synthe-
sized by reaction of a 6-(aminomethyl)tetrahydro-2H-pyran-
2,3,4,5-tetraol (or a salt form thereof) with acryloyl chloride
in the presence of base. Analogous methacrylamide com-
pounds are prepared using methacryloyl chloride. A galac-
tose-derived N-((3,4,5,6-tetrahydroxytetrahydro-2H-pyran-
2-yDmethyl)acrylamide is prepared as follows. Anhydrous
tetrahydrofuran (500 mL) is added to a flame dried 1 L three
neck flask and flooded with argon. To the tetrahydrofuran is
added 30.0 g (139.5 mmol) of anhydrous 6-amino-6-deoxy-
D-galactose hydrochloride and 31.2 g (394.4 mmol) anhy-
drous pyridine and allowed to dissolve at a temperature of
-20° C. Then by drop-wise addition 13.1 g (140.5 mmol) of
acryloyl chloride in 50 mL of dry tetrahydrofuran is added to
the 6-amino-6-deoxy-D-galactose solution at room tempera-
ture followed by warming to 25° C. The reaction is allowed to
proceed for five hours at 25° C. The pyridinium chloride is
then removed by filtration followed by washing and the sol-
vents removed by rotary evaporation and high vacuum to
yield N-(6-deoxy-D-galactose)acrylamide, a galactose-de-
rived  N-((3,4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)
methyl)acrylamide. The reaction may also be performed
using an equivalent molar amount of potassium carbonate as
the base, in place of pyridine.

Example 2A

Alternative Synthesis of a Galactose-Derived N-((3,
4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)methyl)
acrylamide

S

HOHO 2 O,
OH \CH3

The synthesis of N-((3,4,5,6-tetrahydroxytetrahydro-2H-
pyran-2-y)methyl)acrylamide may also be accomplished
using a biphasic reaction system. Anhydrous tetrahydrofuran
(500 mL) is added to a flame dried 1 L three neck flask and
flooded with argon. To water, 150 mL at 0° C., is added 30.0
g (139.5 mmol) of anhydrous 6-amino-6-deoxy-D-galactose
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hydrochloride and is neutralized with and 3.4 g (139.6 mmol)
sodium hydroxide and allowed to dissolve. A solution of 13.1
g (140.5 mmol) of acryloyl chloride in 100 mL of methylene
chloride is added to the 6-amino-6-deoxy-D-galactose ((2R,
38,48,5S)-6-(aminomethyl)tetrahydro-2H-pyran-2,3,4,5-
tetraol) water solution at 0° C. and stirred rapidly to form an
emulsion. Sodium hydroxide 1M solution is added dropwise
to keep the mixture between a pH of 7-9. The reaction is
allowed to proceed for five hours at 0° C. The stirring is then
stopped and the phases are allowed to separate. The methyl-
ene chloride layer is extracted and the water layer is washed
with three 25 mL portions of methylene chloride. The meth-
ylene chloride samples are combined, dried, and then the
solvent is removed by rotary evaporation and high vacuum to
yield N-(6-deoxy-D-galactose)acrylamide.

Example 2B

Synthesis of a Galactose-Derived N-(((3S,4S,5S,
6R)-3,4,5-trihydroxy-6-methoxytetrahydro-2H-py-
ran-2-yl)methyl)acrylamide

The procedure of Example 2 was used with (3S5,4S,5S,6R)-
2-(aminomethyl)-6-methoxytetrahydro-2H-pyran-3,4,5-
triol in place of 6-amino-6-deoxy-D-galactose to provide the
title compound. ‘H NMR: 8.22 ppm (1.01 H, t, amide), 6.32
ppm (1.00 H, m, vinyl), 6.07 ppm (0.99 H, d, vinyl), 5.57 ppm
(1.04 H, d, vinyl), 4.6-5.2 ppm (2.82 H, b, OH), 4.52 ppm
(1.19H, d, #1H), 3.61 ppm (2.00 H, m, #2H, #3H), 3.22 ppm
(3.00 H, s, methoxy), 2.93 ppm (1.06H, t, #5H). The posi-
tion-4 H (#4H) was under the water peak.

Example 3A

Synthesis of a Galactose-Derived N-((3,4,5,6-tet-
rahydroxytetrahydro-2H-pyran-2-yl)methyl)meth-
acrylamide

Using similar procedures as outlined in Example 1 or
Example 2, 6-amino-6-deoxy-D-glucose is reacted with
methacryloyl chloride to yield N-(6-deoxy-D-glucose)meth-
acrylamide, a glucose-derived N-((3,4,5,6-tetrahydroxytet-
rahydro-2H-pyran-2-yl)methyl)methacrylamide.

Example 3B

Synthesis of a Glucose-Derived N-(((3S,4S,5S,6R)-
3,4,5-trihydroxy-6-methoxytetrahydro-2H-pyran-2-

yDmethylacrylamide
CH;
(6] NH
HOHO 2 O,
OH \CH3

Using the procedure of Example 2, (3S,4S,5S,6R)-2-(ami-
nomethyl)-6-methoxytetrahydro-2H-pyran-3,4,5-triol is
reacted with methacryloyl chloride to yield the glucose-de-
rived title compound. *"H NMR: 7.91 ppm (1.01 H, t, amide),
5.66 ppm (1.00H, s, vinyl), 5.32 ppm (1.07H, d, vinyl), 4.8-
S51ppm (3.15H,b,0H),4.52 ppm (1.25 H, d,#1H),3.44 ppm
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(2.00 H, m, #2H, #3H), 3.22 ppm (3.00 H, s, methoxy), 2.93
ppm (1.11 H, t, #5H). #4H was under the water peak. 1.86
(3.11H, s, acrylic methyl). High-resolution mass spectrom-
etry: 284.1089 for M+Na™.

Example 4

Synthesis of a Glucose-Derived N-((3,4,6-trihy-
droxy-5-methacrylamidotetrahydro-2H-pyran-2-yl)
methyl)methacrylamide Cross-Linking Agent

As shown in FIG. 2, an N-((3,4,6-trihydroxy-5-methacry-
lamidotetrahydro-2H-pyran-2-yl)methyl)methacrylamide is
generally synthesized by reaction of a 3-amino-6-(aminom-
ethyl)tetrahydro-2H-pyran-2,4,5-triol (or a salt form thereof)
with methacryloyl chloride in the presence of base. Acryla-
mides are prepared analogously using acryloyl chloride. In
particular, a multi-functional cross-linking agent is prepared
by the reaction of 2,6-diamino-2,6-dideoxy-D-glucose and
methacryloyl chloride in the presence of an organic base.
Anhydrous tetrahydrofuran (500 mL) is added to a flame
dried 1 L three neck flask and flooded with argon. To the
tetrahydrofuranis added 38.6 g (153.7 mmol) of 2,6-diamino-
2,6-dideoxy-D-glucose hydrochloride and 32.5 g (411.3
mmol) pyridine and allowed to dissolve. Then by drop wise
addition 33.2 g (317.4 mmol) of methacryloyl chloride in 55
ml of dry tetrahydrofuran is added to the 2,6-diamino-2,6-
dideoxy-D-galactose solution at —=20° C. followed by warm-
ing to room temperature. The reaction is allowed to proceed
for five hours at room temperature. Pyridinium chloride is
then removed by filtration followed by washing and the sol-
vents removed by rotary evaporation and high vacuum to
yield N,N-(2,6-deoxy-D-glucose)-2,6-methacrylamide, a
glucose-derived N-((3,4,6-trihydroxy-5-methacrylamidotet-
rahydro-2H-pyran-2-yl)methyl)methacrylamide. The reac-
tion may also be performed using an equivalent molar amount
of potassium carbonate as the base, in place of pyridine.

Example 5

Synthesis of a Galactose-Derived N-((5-acrylamido-
3,4,6-trihydroxytetrahydro-2H-pyran-2-yl)methyl)
acrylamide Cross-linking Agent

Using a similar procedure as outlined in Example 4 and
shown in FIG. 2 (with either pyridine or potassium carbonate
as base), 2,6-diamino-2,6-dideoxy-D-galactose is reacted
with acryloyl chloride to yield N,N-(2,6-deoxy-D-galactose)-
2,6-acrylamide, galactose-derived N-((5-acrylamido-3,4,6-
trihydroxytetrahydro-2H-pyran-2-yl)methyl)acrylamide.

Example 6

Synthesis of Galactose-Derived poly(N-((3,4,5,6-
tetrahydroxytetrahydro-2H-pyran-2-yl)methyl)acry-
lamide

Poly(N-((3,4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)
methyl)acrylamide (FIG. 3) is prepared as shown in FIG. 3. A
galactose-derived poly(N-((3,4,5,6-tetrahydroxytetrahydro-
2H-pyran-2-yl)methyl)acrylamide) may be prepared accord-
ing to the following procedure. In a four-neck 500 mL sepa-
rable flask equipped with a mechanical stirrer, a dropping
funnel, and a condenser, N-(6-deoxy-D-galactose)acryla-
mide monomer (Example 1), 20 g; distilled water, 50 mL; and
tetrahydrofuran, 150 mL,, are added. The flask is warmed to
60° C. under air with stirring, and about 1 wt % of 2,2'-azobis
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(4-methoxy-2,4-dimethylvaleronitrile) is added as a poly-
merization initiator. The solution changed into a gel-like
material in about 20 min. This point is tentatively taken as a
standard for the end of reaction. Disappearance of monomer
at this point can be confirmed by silica gel thin layer chroma-
tography (TLC). After the reaction, the reaction mixture is
concentrated under reduced pressure at room temperature,
and remaining water in the viscous liquid is removed by
freeze-drying to isolate poly(N-(6-deoxy-D-galactose)acry-
lamide), a galactose-derived poly(N-((3,4,5,6-tetrahydrox-
ytetrahydro-2H-pyran-2-yl)methyl)acrylamide), as a white
solid.

Example 7

Formulation of a poly(N-((3,4,5,6-tetrahydroxytet-
rahydro-2H-pyran-2-yl)methyl)acrylamide)—Tannin
Wood Adhesive

A poly(N-((3,4,5,6-tetrahydroxytetrahydro-2H-pyran-2-
yDmethyl)acrylamide)-tannin adhesive is prepared using
equal amounts of the galactose-derived poly(N-((3,4,5,6-tet-
rahydroxytetrahydro-2H-pyran-2-yl)methyl)acrylamide)
prepared in Example 6 and tannin as aqueous solutions at
room temperature. The total concentration of organic solids
in the adhesive formulation is adjusted to 57% with distilled
water. A 1 mL aliquot of 0.5-1M solution of ammonium
chloride, sulfuric acid, or p-toluenesulfonic acid is used as a
curing agent. The curing process is shown in FIG. 4.

Example 8

Preparation of a poly(N-((3,4,5,6-tetrahydroxytet-
rahydro-2H-pyran-2-yl)methyl)acrylamide-co-N-((3,
4,6-trihydroxy-5-methacrylamidotetrahydro-2H-
pyran-2-yl)methyl)methacrylamide) Adhesive for
Label and/or Envelope Applications

In a four-neck 500 ml. separable flask equipped with a
mechanical stirrer, a dropping funnel, and a condenser, N-(6-
deoxy-D-glucose)acrylamide monomer (Example 1), 60 g,
and distilled water, 50 ml. are added. To this is added 2 g of
N,N-(2,6-deoxy-D-glucose)-2,6-methacrylamide (Example
4). The flask is gently warmed up to 60° C. under air with
stirring, and 0.6 g of DAROCUR 1173 (2-hydroxy-2-meth-
ylpropiophenone, available from BASF) is added as a poly-
merization initiator.

The above polymeric adhesive may be applied to labels or
envelopes (or other backing material), as a viscous solution,
and further cured (cross-linked) with UV light. After drying,
the polymer can be tackified with a moisture source and then
the label adhered to the surface of choice.

EQUIVALENTS

The embodiments, illustratively described herein may suit-
ably be practiced in the absence of any element or elements,
limitation or limitations, not specifically disclosed herein.
Thus, for example, the terms ‘comprising,” ‘including,” ‘con-
taining,’ etc. shall be read expansively and without limitation.
Additionally, the terms and expressions employed herein
have been used as terms of description and not of limitation,
and there is no intention in the use of such terms and expres-
sions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various
modifications are possible within the scope of the claimed
technology. Additionally, the phrase ‘consisting essentially
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of” will be understood to include those elements specifically
recited and those additional elements that do not materially
affect the basic and novel characteristics of the claimed tech-
nology. The phrase ‘consisting of” excludes any element not
specified.

The present disclosure is not to be limited in terms of the
particular embodiments described in this application, which
are intended as illustrations of various aspects. Many modi-
fications and variations can be made without departing from
its spirit and scope, as will be apparent to those skilled in the
art. Functionally equivalent compositions, apparatuses, and
methods within the scope of the disclosure, in addition to
those enumerated herein, will be apparent to those skilled in
the art from the foregoing descriptions. Such modifications
and variations are intended to fall within the scope of the
appended claims. The present disclosure is to be limited only
by the terms of the appended claims, along with the full scope
of equivalents to which such claims are entitled. It is to be
understood that this disclosure is not limited to particular
methods, reagents, compounds compositions or biological
systems, which can, of course, vary. It is also to be understood
that the terminology used herein is for the purpose of describ-
ing particular embodiments only, and is not intended to be
limiting.

In addition, where features or aspects of the disclosure are
described in terms of Markush groups, those skilled in the art
will recognize that the disclosure is also thereby described in
terms of any individual member or subgroup of members of
the Markush group.

As will be understood by one skilled in the art, for any and
all purposes, particularly in terms of providing a written
description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as suffi-
ciently describing and enabling the same range being broken
down into at least equal halves, thirds, quarters, fifths, tenths,
etc. As a non-limiting example, each range discussed herein
can be readily broken down into a lower third, middle third
and upper third, etc. As will also be understood by one skilled
in the art all language such as ‘up to,” “at least,” “greater than,’
‘less than,” and the like, include the number recited and refer
to ranges which can be subsequently broken down into sub-
ranges as discussed above. Finally, as will be understood by
one skilled in the art, a range includes each individual mem-
ber.

While certain embodiments have been illustrated and
described, it should be understood that changes and modifi-
cations can be made therein in accordance with ordinary skill
in the art without departing from the technology in its broader
aspects as defined in the following claims.

What is claimed is:

1. A compound of Formula I:

I
0
5

R 0

) N

R7

Rl
RZ

and stereoisomers thereof, wherein
Y is —C(H)(R*)— or —C(H)(R*)—CH)R*)—;
R, R?, R?, and R* are independently an —OH, a pro-
tected hydroxyl group, or a group of Formula II:
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RS

wherein one of R, R? R?, and R*is a group of Formula

1I; and

R>, R® R7 and R® are independently selected from
hydrogen and a substituted or unsubstituted alkyl
group.

2. The compound of claim 1 wherein the protected
hydroxyl group is selected from trimethylsilyl, t-butyldim-
ethylsilyl, acetyl, benzyl, benzoyl, or methoxymethyl.

3. The compound of claim 1 wherein R> and R° are inde-
pendently selected from the group consisting of H and a
methyl group.

4. The compound of claim 1 wherein R” and R® are inde-
pendently selected from the group consisting of H, a methyl
group and an ethyl group.

5. The compound of claim 1 having Formula IB:

B
R? 0
/; N

/

R’ 0
HO OH
0
HO N
/
R® RS.

6. The compound of claim 1 selected from

N-((3,4,6-trihydroxy-5-methacrylamidotetrahydro-2H-
pyran-2-yl)methyl)methacrylamide,

N-((5-acrylamido-3,4,6-trihydroxytetrahydro-2H-pyran-
2-y)methyl)methacrylamide,

N-(6-(acrylamidomethyl)-2.4,5-trihydroxytetrahydro-
2H-pyran-3-yl)methacrylamide, or

N-((5-acrylamido-3,4,6-trihydroxytetrahydro-2H-pyran-
2-yDmethyl)acrylamide.

7. A polymer comprising one or more repeating units

derived from the compound of Formula I:

O
RS
O,
i N
R’
R!
R2

and stereoisomers thereof, wherein
Y is —C(H)(R?*)— or —C(H)(R*)—C(H)(R*)—;
R, R?, R?, and R* are independently an —OH, a pro-
tected hydroxyl group, or a group of Formula II:



US 9,212,245 B2

25

I

wherein one of R', R?, R?, and R* is a group of Formula

1I; and

R>, RS R7 and R® are independently selected from the
group consisting of hydrogen and a substituted or
unsubstituted alkyl group.

8. The polymer of claim 7 wherein R® and R° are indepen-
dently selected from the group consisting of H and a methyl
group.

9. The polymer of claim 7 wherein R” and R® are indepen-
dently selected from the group consisting of H, a methyl
group and an ethyl group.

10. The polymer of claim 7 wherein the one or more repeat-

ing units are derived from the compound of Formula 1B:
1B
RS 0
4 N
/
R’ o]
HO OH
(0]
HO N
/
RS R

11. The polymer of claim 7 wherein the one or more repeat-
ing units are derived from one or more compounds selected
from

N-((3.4,6-trihydroxy-5-methacrylamidotetrahydro-2H-

pyran-2-yl)methyl)methacrylamide,

N-((5-acrylamido-3.4,6-trihydroxytetrahydro-2H-pyran-

2-yD)methyl)methacrylamide,

N-(6-(acrylamidomethyl)-2.4,5-trihydroxytetrahydro-

2H-pyran-3-yl)methacrylamide, or

N-((5-acrylamido-3.4,6-trihydroxytetrahydro-2H-pyran-

2-yDmethyl)acrylamide.

12. The polymer of claim 7 comprising from 2 to about
1,000,000 repeating units derived from the compound of For-
mula I.
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13. The polymer of claim 7 selected from a polyacryla-
mide, a polyacrylate, a polyvinyl, an epoxy, a polyurea, a
polyurethane, an alkyd resin, or a copolymer of any of the
foregoing.

14. A method of making a compound of Formula I com-
prising:

contacting a compound of Formula 111,

11

H
0
~ N \
[ Y
R7
Rl
RZ

with a compound of Formula IV,

v

LG

optionally in the presence of a base, wherein

R is hydrogen or a substituted or unsubstituted alkyl
group;

Y is —CH)R?)— or —CH)R*)—CH)RY)—;

R, R?, R?, and R* are independently an —OH, a pro-
tected hydroxyl group, or an —NHR?® wherein R® is
hydrogen or a substituted or unsubstituted alkyl
group, wherein one of R', R? R?, and R* is an
—NHR?,

R7 is hydrogen or a substituted or unsubstituted alkyl
group; and

LG is a leaving group.

15. The method of claim 14 wherein the protected hydroxyl
group is selected from trimethylsilyl, t-butyldimethylsilyl,
acetyl, benzyl, benzoyl, or methoxymethyl.

16. The method of claim 14 wherein R and R® are hydro-
gen.

17. The method of claim 15 wherein LG is chloride, and the
base is selected from pyridine, dimethylaminopyridine, tri-
ethylamine, diisopropylethylamine or a mixture of any two or
more thereof.
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